Paleomagnetic results from the upper two thirds of the whole section of the Okhotsk-Chukotka Volcanic Belt (OCVB) volcanics exposed in the area around Lake El'gygytgyn, Chukotka yield stable, consistent magnetic vectors and well-preserved reversed directions. The magnetostratigraphy and 40 Ar/ 39 Ar geochronologic data reported here indicate that the sampled OCVB volcanics were erupted between about 90 and 67 Ma, and show no significant change in the apparent pole position over that time. The OCVB extends from northeast China, across Northeast Russia to the Bering Straight. This belt is made up of both extrusive and intrusive rocks, with the extrusive rocks and their associated sediments being dominant. The whole belt important in interpreting the paleogeography of the region because it overlies many of the accreted terranes of Northeast Russia. Most importantly, it overlies parts of the Chukotka-Alaska block which is thought to have moved out of the Arctic Ocean region, as well as terranes accreted from the south. These latter terranes have been rafted northwards on the paleo-plates of the Pacific, implying that the present relative paleogeography of all of the terranes overlain by the OCVB were essentially in place by 67 Ma, and possibly as early as 90 Ma. However, comparing our paleomagnetic pole position for the OCVB with those for North America and Eurasia (a proxy for Siberia) shows a statistically significant displacement of the OCVB pole to the south west. This implies that not only the OCVB, but the underlying terranes of northeast Russia, experienced southerly displacement with respect to the Siberian and North American platforms since the Late Cretaceous.
Introduction
The Okhotsk-Chukotka Volcanic Belt (OCVB) was formed in Late Cretaceous time, apparently as the result of subduction along an Andean type convergent continental margin, and this was followed followed by extension (Newberry et al., 1998) . The extent of this Okhotsk-Chukotka belt per se is from the Chukotka Peninsula, adjacent to Alaska, through to northern China, a distance of about 3000 km (Fig. 1) . Extrusive and intrusive rocks of the same age and general characteristics also extend across interior Alaska down as far as southern British Columbia.
Part of the importance of this belt stems from the fact that it overlaps many of the terranes that had already accreted to the Siberian platform. These include the Chukotka-Alaska terrane, which consists of Arctic Alaska (the Brooks Range and the Arctic Slope) and those parts of Chukotka north of the South Anuyi suture (Parfenov, 1991; Nokleberg et al., 1996) as well as parts of many of the terranes forming the Kolyma-Omolon Superterrane (Fig. 1) . The ChukotkaArctic Alaska terranes had their origins in the Arctic ocean region, whereas the other terranes have been transported northwards on the plates of the Pacific. This implies that all of these terranes were in place with respect to each other by the time that the OCVB belt developed. Therefore the belt indicates that this part of the Arctic/Pacific margin was essentially in its present geographic form by the time that OCVB volcanism was initiated, but the terranes were not necessarily in their present positions with respect to the North American and Siberian platforms.
The age of the OCVB has been poorly understood, but now through a combination of recent geochronologic and paleontologic studies (Akinin and Khanchuk, 2005; Bely and Belaya, 1998; Hourigan and Akinin, 2004; Kelley et al., 1999) and the paleomagnetic data presented here it appears that the age span ranges from about Coniacian (88.5 Ma) to Maastrichtian (65 Ma) time. This study reports data on the paleomagnetism and the radiometric ages of a series of outcrops . South and west of the SAS and north of the OCVB and are the terranes of the Kolyma-Omolon Superterrane. To the north of the SAS is the Chukotka-Alaska terrane. To the south of the OCVB in Northeast Russia, the majority of the terranes accreted later than the formation of the OCVB. The location of the El'gygtgyn sampling area ( Fig. 2) is also indicated. Base map from Nokelberg et al. (1996) . The colors on the map represent: Siberian platform, purple; continental rocks, darker brown; major plutons, black; oceanic sediments (collapsed ocean basins), green; island arc rocks, pink; continental shelf deposits, blue; Quaternary cover, light brown (with lakes).
near Lake El'gygytgyn in northern Chukotka (Fig. 2) . In this location the volcanic rocks of the OCVB lie directly on rocks ascribed to the Chukotka-Alaska terrane.
Geologic setting
The OCVB in the area around Lake Elgygytgyn (Fig. 2) is composed of subaerial calc-alkaline volcanic rocks including andesites, rhyolites, andesite-basalt sequences (Zonenshain et al., 1990) , diorites, tonalites, granodiorites, quartz monzanites and granites (Belyi, 1994; Belyi and Belaya, 1998) . Zonenshain et al. (1990) consider the belt to be the result of subduction occurring some 500 km to the southeast. The lake itself lies in a 3.58±0.04 Ma impact structure (Layer, 2000) which melted and totally reset or partially reset some of the argon isotope systematics of nearby volcanic rocks.
There are three recognized basic-acidic sequences of volcanic rocks on the northern flank of the OCVB. The first cycle forms the lower Chaun (or Chaun'a) series (Belyi, 1994) exposed in the region as the Kalen'muvaam unit, and is widely exposed north of the Enmyvaamsk basin but was not sampled for this study. The second sequence includes, from bottom to top, the Pykarvaam, Voron'in and Koekvun' sequences (Belyi, 1988 (Belyi, ,1994 which form the upper components of the Chaun series of volcanic rocks. These lower two sequences are also termed the "external zone" by Belyi (1994) and are associated with the initiation of the OCVB. These rocks are considered by Belyi (1994) to be of Albian age (99.6-112.0 Ma) based on fossil plant material (note that all conversions of geologic ages to Ma are based on Gradstein et al., 2004) . The Chaun series is separated by a major fault from the overlying volcanic rocks which comprise the late stage of development of the OCVB (Fig. 2) .
Recently there have been several 40 Ar/ 39 Ar geochronologic studies of rocks from other locations within the Chaun group of the OCVB that place the age of the sequence as much younger than Albian. Kelley et al. (1999) reported 40 Ar/ 39 Ar isochron ages from the upper Chaun group (Pykarvaam, Voron'in and Koekvun' sequences) from Chukotka, northeast of Elgygytgyn of 87.0-88.7 Ma. Ispolatov et al. (2004) reported ages from the first cycle (lower Chaun Group) of 87.1 to 87.9 Ma, and one sample from a stratigraphic equivalent of the Koekvun unit to be 87.6 Ma which are consistent with those from Kelley et al. (1999) . Hourigan and Akinin (2004) reported ages of about 85.6 Ma from the Narauli suite of the Arman volcanic field further to the south in the Magadan region. Akinin and Khanchuk (2005) concluded that this suite is roughly correlative with the upper Chaun unit in our study area. Thus there appears to be a consensus among the recent geochronologic studies that the 40 Ar/ 39 Ar age for the Chaun group is post-Albian, probably Conacian to Santonian over great distances along the length of the Okhotsk Chukotka Volcanic Belt.
The overlying Ergyvaam, Emuneret and Enmyvaam suites represent the third volcanic sequence. The stratigraphic relationships of the individual suites are based on rare findings of fossil plants. The result of research on spores and ash complexes from sedimentary rocks in the Emnyvaam suite (analyses by B. V. Belaya) place the suite in the Early Senonian (Senonian is Post-Turonian to Pre-Danian, approx. 
Mafic Ignimbrites
Top of Chauna group Fig. 2 . Geologic map of the study area. The six volcanic suites sampled in this study are indicated and color coded together with the localities sampled (numbered stars). Base map compiled from Belyi (1994) , Belyi and Belaya (1998) and Raikevitch (1995) . Blue lines show rivers and tributaries, dashed lines mapped faults, and the black line with teeth a major thrust fault.
88.5-66.4 Ma). A number of researchers (Belyi, 1988; Samylina, 1975; Filippova, 1975 Filippova, , 1984 Schepetov, 1988 Schepetov, , 1991 note that the ages of the rocks cannot be well determined from the plant fossils because of the large effects of local climatic conditions. For instance, Lebedev (1987) detected the Ust'-Emuneret floral complex with Quercus tschucotica in deposits of the Emuneret suite (middle fork of the Enmyvaam River), which indicates that the deposits are of Campanian age. However, Belyi (1988, p. 19) notes that complex variations of angiosperms disallow categorical conclusions about the age. Hourigan and Akinin (2004) report ages of the upper units of the OCVB in the Magadan region (the Ola and Mygdykit Suites) ranging in age from 83.7 to 77.5 Ma. If these units are correlative to those in Chukotka, then they are consistent with the paleontological ages.
At El'gygytgyn, a complete sequence of the second and third cycles is preserved. The 40 Ar/ 39 Ar dating and the paleomagnetic reversal stratigraphy presented here allows a much more precise definition of relative stratigraphies for the volcanogenic-sedimentary formations, although questions as to the relative ages of the various formations still arise.
Paleomagnetic sampling
In 1991, a set of oriented block samples was collected and prepared for paleomagnetic measurements and preliminary results published by Raikevitch (1995) . We are not aware of any other published paleomagnetic measurements for the OCVB. An assortment of collections for palynological and paleo-floral evaluation was also made (Belyi and Belaya, 1998) . Orientations for the paleomagnetic samples were determined with respect to geographic north as determined using a magnetic compass, compass corrections being made by taking magnetic bearings on known geographic features. The block samples were used to prepare 2×2×2 cm cubes for paleomagnetic studies, for determinations of the chemistry of the rocks, for the preparation of thin sections, and for radiometric age determinations. The area sampled displays a wide range of lithologies, including volcanogenicsedimentary rocks, ignimbrites and flow units, and the sampling was designed to investigate the magnetic record in each of them. At each locality (numbered stars in Fig. 2 ) between one and ten sites were sampled with at least three oriented blocks collected at each of site. These sites were selected based on estimates of the amount of time represented. For instance, multiple flow units, tuffs and ignimbrites that showed no evidence of significant time gaps were grouped as a single data point in Table 1 , even though the sampling area may have covered many tens of meters. Whenever possible the orientation of paleo-horizontal was obtained for the local area around each sampling site, commonly determined from bedding attitudes, flow banding, and placement of welded tuffs in ignimbrites. When direct evidence of ancient horizontal was not available, bedding orientation was estimated using regional geology and aerial photographs. Details of the geology of the sampling sites, including sketches, maps and locations of the samples used in this study as well as the locations of fossil collections can be found in Belyi and Belaya (1998) .
Sampling for field tests for magnetic stability were carried out wherever possible. These included collecting oriented samples from sites with variable bedding, noting the strikes and dips (for fold tests), from conglomerate clasts and from pebbles of exotic rocks included in the ignimbrites (both of which will give systematic magnetic directions if overprinted), and from dikes and their contact aureoles (which, if magnetized differently from the country rock indicate no overprinting since the dikes were emplaced). Along with these field-based stability tests, laboratory methods were also used to determine magnitude and direction of any viscous components of magnetization, and the separation of any other components of magnetization by means of progressive thermal and alternating field demagnetization.
The magnetic and paleomagnetic properties of the samples were studied using standard methods (Khramov, 1982) , using spinner magnetometers (ION-1 and JR-4) in Magadan, Russia, and a 2G superconducting magnetometer in Fairbanks, Alaska. Thermal demagnetization was done using a thermal demagnetizing attachment for the ION-1 spinner magnetometer, using an Aparing design of thermal unit in Magadan, and using a Schonstedt TSD-1 oven in Fairbanks. Alternating field demagnetization was also carried out using standard equipment.
Geochronologic methods
The new age determinations were carried out using 40 Ar/ 39 Ar methods at the Geochronology Laboratory of the Geophysical Institute of the University of Alaska (Layer et al., 1987; Layer, 2000) . The results are summarized in Table 2 and Fig. 3 and the details may be found in Supplement (see http://www.stephan-mueller-spec-publ-ser. net/4/243/2009/smsps-4-243-2009-supplement.pdf). For the 40 Ar/ 39 Ar analyses, palomagnetic cores that were not subjected to any thermal demagnetization were used. The samples were crushed and sieved to a 250-500 micron size fraction. Individual chips of the "whole rock" were hand-picked, and care was taken to avoid samples that had obvious signs of alteration or large phenocrysts. The monitor mineral MMhb-1 (Samson and Alexander, 1987) with an age of 513.9 Ma (Lanphere and Dalrymple, 2000) was used to monitor neutron flux (and calculate the irradiation parameter, J ). The samples and standards were wrapped in aluminum foil and loaded into aluminum cans of 2.5 cm diameter and 6 cm height. The samples were irradiated in the research reactor of McMaster University in Hamilton, Ontario, Canada for 20 megawatt hours.
Upon their return from the reactor, the samples were run either as small chips on a laser system or using a resistanceheating furnace. For the laser system, the samples and monitors were loaded into 2 mm diameter holes in a copper tray that was then loaded in an ultra-high vacuum extraction line where the monitors were fused, and samples heated, using a 6-W argon-ion laser and analyzed in a VG-3600 mass spectrometer following the technique described in York et al. (1981) , Layer et al. (1987) and Layer (2000) . Argon purification was achieved using a liquid nitrogen cold trap and a SAES Zr-Al getter at 400 • C.
For the furnace-heated samples, standards were fused and samples step heated up to 1600 • C using an on-line Modifications Ltd. low-blank furnace connect to a Nuclide 6-60-SGA 15 cm radius mass spectrometer. The basic sensitivity of the instrument, with the current extraction system (final cleanup volume) is 6.5×10 −15 mol/mV. Gas cleanup was accomplished using a two stage process and a 40-min heating cycle. Before a sample is introduced into the furnace, the furnace is heated to the lowest temperature step to be measured (usually 500 • C). This "sample" is measured as the system blank and the voltages for the various peaks are subtracted from the subsequent measurements. It was found that the furnace blank does not change substantially as the furnace is stepped up to 1600 • C, so we feel that the 500 • C heating step with no sample is an acceptable correction for the system blank. Following the heating step, the gas was released from the charcoal for 10 min and cleaned up using a SAES ST-101 getter.
The argon isotopes measured were corrected for system blank and mass discrimination, as well as calcium, potassium and chlorine interference reactions following procedures outlined in McDougall and Harrision (1999) . Mass discrimination was monitored by running both calibrated air shots and a zero-age glass sample. These measurements were made on a weekly to monthly basis to check for changes in mass discrimination. Age interpretations (discussed below) were made based on examination of the age, Ca/K and Cl/K spectra and from inverse isochrons. Because the samples were "whole-rocks", several mineral phases might be present, and these are represented by different parts of the spectra. Plateau and isochron ages were calculated for samples with three or more consecutive fractions constituting >50% 39Ar release, with ages that lie within 2-σ of one another (for plateaus) or of the regression line (for isochrons). This scatter is generally expressed as the Mean Square Weighted Deviates (MSWD) or probability (Table 2) . For calculations where p>0.05 (MSWD 2.5) plateau or isochron ages are quoted. For analyses that do not meet these criteria, weighted mean ages of "plateau-like" fractions, or errorchrons are reported. All ages are quoted at the 1-σ level. For most samples, we interpret the "groundmass" part of the release to be the most representative of the primary cooling age of the sample. Although several samples do not show well-constrained plateaus or isochrons, analyses of samples from the same localities (e.g. 406 or 430) are internally consistent and, for the most part, stratigraphically consistent as well.
Geochronology and paleomagnetism for six OCVB suites
The study reported here involves samples from six suites. The stratigraphic order of these suites is well established; however the details of the relationships between them are seldom clear. The following descriptions start with the uppermost suite.
The Enmyvaam suite

Sampling localities
The Enmyvaam suite (Enmy in Fig. 2 ) is best developed along the middle fork of the Enmyvaam River (Belyi, 1988) . Outcrops begin 4-5 km above confluence with the Merevaam River, where the suite lies conformably upon deposits of the Steiger and Jaeger (1977) . All errors are ±1σ . Bold ages are those for which we have the greatest confidence. MSWD: Mean square weighted deviates, p: probability Emuneret suite. The section contains a continuous stratigraphy with a thickness of around 350 m. The greater part of the section consists of basalt flows with a thickness of about 100 m informally called the Basalt Cliffs section (see Fig. 2 , locality 432). This whole section has been studied in detail, using petrochemistry and sampling of the fossil flora. A more detailed description with sketches of sampling sites can be found in the work of Belyi (1988) and Belyi and Belaya (1998) . The flows were erupted during the final stage of the third basic-acidic sequence of volcanism (Drabkin, 1970a, b) . The basalts are overlain by tuffs of basic and acidic composition, with thicknesses up to 100 m. Lying above the tuffs is a 12 m thick basalt flow with clearlydefined upper and lower surfaces. Above this flow lies a complexly structured mass of primarily acidic rocks, with the lower part (approximately 55 m thick) consisting of coarse light gray ignimbrites, the middle part (approx. 30 m thick) consisting of siltstones and shales with interbeds of coal and mudstone, and the upper part (approx. 20 m thick) consisting of pink slightly welded ignimbrites of acidic composition. In this mass of acidic rocks is a 10 m thick conglomerate, with clasts of basic and acidic rocks. The Basalt Cliffs section is completed by a flow of andesitic basalt with a thickness of about 20 m. The beds dip to the south at an angle of 15-25 • . In the upper reaches of the Enmyvaam River along its left tributary, the Mechekrynnetveem River, the Enmyvaam deposits form part of the Mechekrynnetveem paleobasin. The basin is represented by basalts and mudstones, in which fossil plant detritus and coalified wood have been found. The base of the Emnyvaam suite in this area is in fault contact with ignimbrites of the Ergyvaamsk suite. The regional dip in this area is at an angle of 10-20 • to the southeast.
Paleomagnetism
Seventy oriented block samples were taken at regular intervals throughout the entire thickness of the section at the Basalt Cliffs (Fig. 2, locality 432) . In addition, samples of basalts and dacites were collected from higher levels of the suite (Fig. 2, localities 434, 435 ). In the region of the Mechekrynnetveem basin, a detailed study of one section was carried out (Fig. 1, locality 412 ) which involved sampling of massive basalts, their overlying shales with an upper band of gravel deposits and conglomerates, and also the highest horizon of pillow basalts. The total thickness of the studied section was about 90 m.
The time represented by the combined sampling sites, which are widely distributed among the multiple stacked flows and interbedded fossilliferous sediments at both the Basalt Cliffs (locality 432) and the Mechekrynnetveem (locality 412) sections, is consistent with the roughly 6 Ma indicated by the geochronology and the magnetostratigarphy described below. In both of these sections the regional and local bedding attitudes are well determined from flows and bedded units which can be traced over tens to hundreds of meters (Table 1 and Fig. 2) .
Using thermal demagnetization techniques to determine the magnetic components of the basalts, dacites, and ignimbrites it is evident that the magnetization is represented by a single component which gradually decreases in intensity without any change in direction. Total destruction of magnetization occurs at a temperature of 580 • C, indicating magnetite as the primary magnetic carrier. In tuffs, tuffaceous sandstones, and tuffaceous siltstones, magnetite is again the magnetic carrier. However, along with the primary magnetization there is up to 50% viscous magnetization, removed by heating to 150-200 • C.
A conglomerate test of the magnetic stability was carried out on the Basalt Cliffs section (locality 432) using a conglomerate which underlies the upper flow of andesitic basalt. Four oriented pebbles of volcanic rocks were measured, and gave a value of kappa of less than 1. This indicates the absence of baking of these rocks by the overlying andesitic basalts. Similarly, in the Mechekrynnetveem basin (locality 412), oriented samples of pebbles from the conglomerate were measured, again giving a value of kappa of less than 1. This indicates that the conglomerates were not remagnetized after deposition. In contrast, a 0.3-m thick bed of lithified gravel between the conglomerate and the basalts has the same reversed direction of magnetization as the immediately overlying basalts. The magnetization directions in the lithified gravels are stable up to temperatures of 550 • C. This leads to the conclusion that the flows and sediments have not been subjected to any regional remagnetization events, and except for the gravels in the thermal contact zone associated with the overlying flow units, they all record the magnetic field at the time of original deposition or cooling. In summary, the pillow basalts in the upper part of the suite in the Mechekrynnetveem basin (locality 412, see Table 1 ), together with the gravel beds baked by them, indicate reversed polarities with normal polarities making up the entire lower part of the section exposed in the middle fork of the Enmyvaam River. A reversal test applied to these data is positive (Table 3) .
Geochronology
Two samples were dated from this suite by the 40 Ar/ 39 Ar method. The first is from the Mechekrynnetveem basin (412-14) and the second is from further down the section from the Basalt Cliffs section (432-4). The age spectrum from a furnace run of 412-14 exhibits a flat plateau at 67.0±0.9 Ma (1-σ ) for the first 67% of gas release (Fig. 3) . This age is identical to, but slightly more precise than the isochron age for the same fractions. At higher extraction temperature temperatures, the age drops off. This part of the release also correlates with higher Ca/K and lower Cl/K ratios and we interpret this to represent degassing of a partially altered phenocryst phase (probably plagioclase). A furnace run on sample 432-4 shows similar, but not as pronounced behavior. The plateau age of this sample is 73.7±0.5 Ma, and is consistent with its isochron age. These ages are consistent with K-Ar ages repoted by Belyi and Belaya (1998) which range from 81 to 73 Ma.
The Emuneret suite
Sampling localities
Deposits of the Emuneret suite (Emun in Fig. 2 ) are exposed in the middle fork of the Enmyvaam river, from the confluence of Alunitovyi Creek (not shown) about 5 km above its confluence with the Merevaam River where a clear stratigraphic succession of the Enmyvaamsk suite is seen in a shoreline outcrop. The Emuneret suite is composed of various rock complexes: ignimbrites of rhyolitic composition with dikes and bedded vitrophyres, ash and lithoclastic tuffs, and flows and dikes of rose-colored rhyolites. The deposits of this suite are cut by fractures along which dikes of basic composition have been intruded. At the confluence of the Emuneretveem River, there is a section of tuffaceous sandstones and siltstones, the latter containing a localized flora of the unique Ust'-Emuneret floral complex, indicating a Campanian age, which is in accord with the Argon/Argon ages discussed below (Lebedev, 1987) . Rocks of the Emuneret suite are truncated by the formation of the Snezhninsk caldera, whose borders contact deposits of the Pykarvaam, Koekvun', and Ergyvaam Suites. There is little geological evidence on which to base estimates of the time represented by the sampled sections due to the geological complexity of some of the sample sites. Local and regional bedding attitudes were from both flows and associated sediments indicating that the rocks in the Emuneret suite in the vicinity of the caldera are subhorizontal, the inclination of the bedding not exceeding 5 • . At the confluence of the Emuneretveem River and up to the contact with deposits of the Enmyvaamsk suite, rocks are inclined to the southeast at angles of 15-30 • .
Paleomagnetism
Oriented samples from deposits of the Emuneret suite were taken from six localities, five of them (localities 425-429) in the vicinity of the Snezhninsk caldera, and one (locality 430) near the confluence of the Emuneretveem River, far from the caldera (see Fig. 2 ). The magnetic characteristics of the rocks in this suite are diverse, ranging from practically nonmagnetic (lithoclastic tuffs, locality 425) to strongly magnetic ignimbrites, (locality 428, Table 1 ). A distinguishing characteristic of the ignimbrites at localities 427, 428, and 429 is the presence of a magnetic fraction of host-rock iron, which, judging from results of thermal demagnetization, carry up to 40% of the residual magnetism. The direction of magnetization is similar to that seen in related rock sections, thus the presence of the iron does not affect the recorded field. Similarly, demagnetization to a temperature of 620 • C does not change the direction of the resultant vector, and is still below the blocking temperature. The presence of host-rock iron is supported by results of research on the composition of the ferromagnetic fraction, using a "Kamebaks" microprobe. The presence of alpha-Fe in rocks of ignimbritic composition in the area of the OCVB is discussed by Filimonova (1985) . In vitrophyres and rhyolites, and also in the ignimbrites of locality 430, only magnetite is found in the composition of the magnetic carriers. The presence of alpha iron appears to be a unique trait of ignimbrites in the caldera complex.
The magnetization in the rhyolites, vitrophyres, and ignimbrites is considered to be primary with a small fraction of viscous magnetization. Thermal demagnetization decreases the scatter of the vector directions. Some difficulty was encountered in the separation of the characteristic direction of magnetization in the lithoclastic tuffs (locality 430), in which a large (up to 70% J NRM ) viscous magnetization exists along with the primary magnetization. Heating the rocks up to 300 • C results in the separation of the stable magnetization which has a direction close to the magnetization of overlying vitrophyres and ignimbrites. That the characteristic magnetization is primary is indicated at locality 429, where a set of ignimbrites is intruded by several vertical dikes of basalt. Paleomagnetic samples were collected across one of the dikes out to a maximum 8 m distance from the dike contact. The basalt dike has a positive (normal) magnetization (Fig. 4 , sample 429-3) as do ignimbrites from the contact zone (Fig. 4 , sample 429-5). At a distance of 1 m from the contact, the ignimbrites show a positive direction of magnetization, which is destroyed upon heating to 450 • C, leaving a negative component (Fig. 4 sample 429-6 ) At a distance of 8 m from the contact, the ignimbrites show negative (reversed) magnetization directions with a small positive component, which is destroyed upon heating to 150 • C. (Fig. 4 , sample 429-7).
It follows that the ignimbrites in the contact zone acquired partial TRM due to heating by the dikes during a time of normal polarity. It is clear that these deposits of the Emuneret suite, as well as the Snezhninsk caldera and its surroundings, have a reversed primary magnetization with steep angles of inclination indicating a high paleolatitude (see Table 1 ).
Geochronology
Five localities were sampled for 40 Ar/ 39 Ar dating. Sample 427-2 (Table 2) is from the reversed section of Snezhninsk Caldera. The age spectrum shows a slight amount of excess argon for the first two steps, then three fractions with a weighted mean age of 81.2±0.8 Ma and then younger ages corresponding to a high Ca/K phase.
Four sites were sampled from the Emuneretveem River exposure. Sample 464-1 is from the normal polarity interval at the top of the section (Fig. 3) . It has a well-defined plateau age of 76.3±0.2 Ma. Sample 462-9, further down the section has an age spectrum that shows evidence of argon loss. The spectrum steps up to a consistent age, which has a isochron age of 80.8±0. 
Sampling localities
The deposits of the Ergyvaam suite, (Ergy in Fig. 2 ) which mark the beginning of the third major cycle in the northern part of the OCVB (Drabkin, 1970a, b) are exposed in the upper reaches of the Enmyvaam River between two tributaries, the Mechekrynnetveem River and the Chanuvenvaam River (see Fig. 2 ). In this outcrop area, deposits are represented by ignimbrites of acidic composition (localities 413, 414), which include thick (up to 60 m) flows of black vitrophyres of rhyolitic composition, often with columnar jointing. Along the middle fork of the Enmyvaam River, the deposits of this suite appear to overlie deposits of the Koekvun'sk suite and stretch along the river from the confluence of the Kuivyrinnetveem River (not shown) almost to the confluence of Alunitovyi creek (not shown) just west of Snezhninsk Caldera (see Fig. 2 , localities 421-424.) Here, the rocks consist of gray dacite flows in the lower part of the suite (localities 421), which are replaced by pink, light gray ignimbrites of acidic composition higher in the section. In contrast to the ignimbrites of the Pykarvaam suite, these contain fragments of basic rocks. The Ergyvaam suite was sampled at eight widely distributed sample sites, each of which could represent a relatively small time span. However, the sample site distribution make it unlikely that the individual sites overlap, thus collectively they give a time-averaged paleomagnetic field direction.
Paleomagnetism
Samples of Ergyvaam deposits were collected from various rock complexes (ignimbrites, vitrophyres, and dacites) from seven localities. The rocks were strongly magnetic, with magnetic susceptibilities higher than 1000×10 −3 A/m and with high residual magnetizations in the vitrophyres and ignimbrites of the Zherlov facies (locality 423). The ratio of the magnetization to the magnetic susceptibility, the Q factor, in these rocks was higher than 9 as can be seen from Table 1, while at other localities the magnetization of was much lower, with Q factors less than 1. This indicates that there is a wide variation in the minerals carrying the magnetization.
Thermal demagnetization showed that residual magnetization in all rock complexes in the Ergyvaam suite was formed in a geomagnetic field of normal polarity, mostly carried by a thermal remanent magnetization (TRM). This is especially marked in vitrophyres, whose average direction of magnetization shows very little change with thermal demagnetization from 20 • to 550 • C, while the value of kappa increases from 30 to 68 by 550 • C. In these samples complete destruction of the magnetization occurs at 580 • C, indicating that magnetite is the magnetic carrier. In dacites and ignimbrites of dacitic composition (localities 421, 422, 424) , up to 50% of the NRM is a viscous magnetization which is destroyed on heating to 100-150 • C, resulting in a significant increase in kappa. The remaining TRM representing the Ergyvaam suite is of normal polarity.
Geochronology
Three samples from the Ergyvaam suite show the most scatter in ages, perhaps due to either resetting by younger volcanism or due to mapping uncertainties. Sample 424-4A is located next to the Snezhninsk Caldera. A well-defined plateau age of 78.1±1.0 Ma is significantly younger than the lower units of the Emuneret suite, but is consistent with the age and polarity from sample 464-1 from the upper part of this suite, and so it may reflect either resetting by younger volcanism or a mis-identified section. Sample 421-2 is located further from the caldera. It is also normal polarity but has an isochron age of 85.9±0.6 Ma, which is stratigraphically consistent with the younger and older units. The third site has two samples, 461-3 and 461-8. Sample 461-3 shows evidence of excess argon, while 461-8 shows a well defined plateau age of 89.8±2.1 Ma. This age is significantly older than the other samples from this unit, and is more consistent with ages from the underlying Chaun sequence. This sample is from a fault-bounded block, and it may be that this unit, identified as Ergyvaam is, in fact, older.
The Koekvun' suite
Sampling localities
Deposits of the Koekvun' suite, which are stratigraphically higher than the Voron'in suite, are represented by tuffaceous sandstones, tuffs, lavas, and ignimbrites of basic and intermediate composition. These deposits mark the end of the second basic to acid sequence of volcanic rocks (Drabkin, 1970a, b) . Rocks of the Koekvun' suite in the Enmyvaam river basin are broken by fractures, and folded, perhaps related to the fact that they are located near the fault separating the inner and outer zones of the OCVB (Fig. 2) . Basaltic dikes are often emplaced along the fractures. These dikes complicate the construction of a stratigraphic column, but are useful for paleomagnetic stability tests. Oriented samples were collected from three sections, locality 410 in the region of Lake El'gygytgyn and near the confluence of the right tributary of the Enmyvaam River, and along the Chanyvenvaam River (Fig. 2, localities 415, 416) . It is not known whether each of the three sites sampled represent a sufficiently long time-average to remove secular variation
Paleomagnetism
The magnetic characteristics of the Koekvun' suite are quite variable (Table. 1), with ignimbrites from locality 410 having a ratio of magnetic intensity to magnetic susceptibility (Q) of 3 while for tuffs at localities 415 and 416, it is less than or near 1. Heating the tuffs to 400 • C results in the destruction of 80-90% of magnetization, while the same temperature preserves up to 70% of the initial magnetization (J NRM ) in ignimbrites. This difference can perhaps be attributed to the natural magnetization being a TRM in the ignimbrites and due to the physical alignment of the magnetic particles and partial TRM in the tuffs.
To check the magnetic stability of the characteristic thermal magnetization (TRM), a fold test was used at locality 416. At this locality the azimuths of the dip of paleohorizontal group around 45 • and 219 • , and dips vary from 16 • to 29 • , but because the units sampled could not be individually traced between sampling sites the modified fold test of McFadden (1990) was used. A comparison of the scatter of the site mean magnetic directions with respect to present horizontal (geographic) decreased significantly when corrected to paleo-horizontal (stratigraphic or tilt corrected) N=3, κs=26.4; κg=19.0. The characterisitic magnetization obtained from the ignimbrites and tuffs at the other sampling sites give steep (>77 • ) normal (positive) inclinations (see Fig. 4 ).
Geochronology
Two samples from the Koekvun' suite have 40 Ar/ 39 Ar ages younger than their stratigraphic age would suggest. Sample 410-3 from adjacent to Lake El'gygytgyn has a plateau age of 83.2 Ma, more consistent with those from upper units. It is possible that this site was mis-mapped and represents a younger sequence. Other samples from this site show resetting due to the 3.6 Ma impact which formed Lake El'gygytgyn (Layer, 2000) , and it is possible that this specimen was partially reset at that time. Sample 416-16, shows a highly disturbed age spectrum with excess argon. We interpret the age of this sample to reflect resetting by younger events in the Mechekrynnetveem basin.
The Voron'in suite
Sampling localities
In the vicinity of Lake El'gygytgyn, the ignimbrites of the Voron'in suite (Vor in Fig. 2) lie immediately above the ignimbrites of the Pykarvaam suite. However, in the region of the Ostantsov Mountains, the Pykarvaam suite is overlain by rocks of the Koekvun' suite, indicating that the Voron'in suite pinches out to the south of the lake. Around the lake, the rocks of the Voron'in suite are exposed in the eastern watershed section where they make up the summit of Mount Chuvyrinnet. They gradually pinch out to the south, giving way to deposits of the Koekvun suite (Fig. 2) . This locality where one 8-m section was sampled has to be considered as a "spot reading" of the geomagnetic field.
Paleomagnetism
Paleomagnetic samples were collected from a 9 m thick section represented by brown, strongly-welded ignimbrites. The rocks in this section, in contrast to the ignimbrites of the Pykarvaam suite, are strongly magnetized (>3000×10 −3 A/m; Table 1 ) and have high magnetic susceptibilities (>6500×10 −5 SI units; Table 1 ). Demagnetization experiments indicate the magnetic carrier is magnetite, and that magnetization is a TRM because heating to 500 • C results in the destruction of only 30% of the intensity of the initial or Natural Remanent Magnetization (J NRM ) without substantial changes in direction. In stratigraphic coordinates the characteristic magnetization, has a normal (positive) polarity with steep angles of inclination and shows a tight grouping within the sampled locality (Table 1) . The similarity between these data and those obtained from the other localities indicates that it represents a primary residual magnetization of the rocks.
Geochronology
40 Ar/ 39 Ar analyses of four specimen cores from site 406 show consistent errorchron ages with a mean of 91.1 ± 0.9 Ma. This age is consistent with, but slightly older than Chaun-series ages from other studies (e.g. Kelley et al., 1999; Ispolatov et al., 2004) . Given the lack of well-defined isochrons, a combination of excess Argon and alteration is a possibility, especially considering that the locality is adjacent to the El'gygytgyn impact structure.
The Pykarvaam suite
Sampling localities
Deposits of the Pykarvaam suite (Pyk in Fig. 2 ) in the study area are gray to pink ignimbrites of moderately acidic to acidic composition representing the beginning of the second major cycle of volcanism (Drabkin, 1970a, b) . The deposits are primarily from the external zone of the OCVB; the boundary with the inner zone more or less follows the valley of the Enmyvaam River near its upper reaches, and then just skirts the southeastern part of Lake El'gygytgyn (Fig. 2) . The rocks of this suite are cut by numerous faults and fractures, making stratigraphic correlations between partial sections difficult, especially near the zone boundary where numerous dikes intrude the ignimbritic rock mass along its fractures. These ignimbrites can again be regarded as "spot readings"of the geomagnetic field.
Paleomagnetism
Oriented block samples were collected from shoreline outcrops on Lake El'gygytgyn (localities 401, 405, 407, 408) , and along the main channel of the Enmyvaam River, near Mount Ostantsov (localities 418-420) (Fig. 2) . At these localities isolated exposures of ignimbrite flows (from 3 to 21 m in thickness) were studied. Based on the marked difference in their magnetic susceptibilities and intensities of initial remanence, (Table 1) these units are different volcanic events, thus are separated in time. Their distribution throughout the section suggests that they represent sufficient time to average secular variation.
In the vicinity of Mount Ostantsov weakly-magnetized welded tuffs and ignimbrites (locality 420) are found alongside strongly-magnetized ones (locality 418), while the most strongly magnetized rocks exist on the northeastern part of Lake El'gygytgyn in the region of the Zvezda Massif (locality 405).
The magnetization is a thermoremanence, (TRM) with a small (5% or less) amount of viscous magnetization. The thermal demagnetization curves indicate that the magnetic carrier in the ignimbrites is magnetite, with a Curie temperature of about 580 • C. Because the direction of this characteristic magnetization does not change during demagnetization, and since this direction is similar to that seen on the other localities sampled, it is assumed that it is a primary magnetization. Although the samples are from the flanks of the impact crater there is no sign of impact remagnetization. The samples used to determine the age of the impact were all "splash" from the moment of impact, and it is unlikely that the thermal event would penetrate into the subsurface.
In all the sections studied in the Pykarvaamsk suite, only normal (positive) polarities with steep (>70 • ) inclinations are found in stratigraphic coordinates, indicating a high paleolatitude (Table 1 ). The stratigraphic relationships between this and the overlying sequences are shown schematically in Fig. 5 .
Geochronology
Two samples from the Pyrkarvaam suite from the vicinity of Lake El'gygytgyn were dated. Both show some evidence of possible resetting due to the impact, but both produce ages of ∼88.5 Ma, consistent with other Chaun Group ages (e.g. Kelley et al., 1999; Ispolatov et al., 2004 ) from Chukotka.
Paleomagnetic analysis and pole positions
To calculate the mean magnetic vectors and resulting Virtual Magnetic Poles (VGP) some data points were eliminated because they represented: dikes for which the age was unconstrained, gravels and other sediments that are poorer recorders than the basalts and ignimbrites, and localities where the dispersion parameter in stratigraphic coordinates (κs) was more than 10% smaller than the dispersion in geographic coordinates (κg). These samples are indicated by italic type in Table 1 .
The mean vectors and VGPs are listed in Table 4 for the individual stratigraphic sections sampled, the whole selected sample set and the normal and reversed sub-sets. Figure 6 shows the selected vector directions of the characteristic magnetizations obtained from the data set. The data are shown in both geographic and stratigraphic reference frames, and with the reversed and normal polarities distinguished from one another. The tight mix of the selected magnetic directions from the various localities about the overall mean direction indicates that there is little or no change in the field direction over the roughly 22 Ma represented by the samples. The mean VGPs for the individual localities are listed in Table 4 and displayed in Fig. 7 , and again indicate no systematic changes in the pole positions with time. Figure 7 also shows the mean of the locality VGPs together with the mean VGP based on the mean of all the selected sample directions. This latter pole is considered a better representation of the mean VGP for the region because it is not biased by the variation in the number of samples taken at each locality. The mean paleomagnetic pole for the selected data from the whole section is located at 171 • E and 67 • N (see Table 4 ). This pole position may be compared with the paleomagnetic poles for the same period of time from both the North American and eastern Siberian plates. The Paleomagnetic pole for the eastern Siberian platform for Cretaceous time has been determined in a number of indirect ways because there are few direct measurements. Besse and Courtillot (2002) extrapolated apparent polar wander paths for Eurasia and North America by reconstructing the positions of the major continental plates (primarily North America, South America, Africa and Europe) and combining their paleomagnetic pole positions. As little or no relative motion is expected between Eurasia and Siberia following the latest Paleozoic closure of the suture forming the Ural Mountains, the Eurasian APW path is used as a proxy for Siberia for Mesozoic time. In this way both polar wander paths were constructed using the same data set. It should be noted that both the North American and Eurasian paleomagnetic poles show a still-stand in the Apparent Polar Wander Path (APW) with overlapping circles of confidence for the 70, 80, and 90 Ma paleomagnetic poles, a time span that overlaps the whole El'gygytgyn section. This implies that any difference between the APW paths and the El'gygytgyn VGP must be due to relative motion.
When the pole position for the El'gygytgyn part of the Okhotsk-Chukotka volcanic belt is compared with the polar wander paths for the two continental blocks (Fig. 8 ) the face value interpretation is that the El'gygytgyn area, and by extrapolation a large part of the Okhotsk-Chukotka Volcanic belt, has moved southwest (in present day coordinates) with respect to the Eurasian and North American plates. The motion required to bring the VGPs for the El'gygytgyn area into conformity with the North American pole is considerably less than that required for the Eurasian pole. In terms of paleogeographic reconstructions, the eastern end of the OCVB appears more closely linked to the North American plate than Eurasia, and strengthens the ties between the South Anuyi and Southern Brooks Range sutures.
Magnetostratigraphy
The paleomagnetic data, in conjunction with the data on the geochronology and stratigraphy of six suites of volcanic and volcanogenic-sedimentary rock sequences in the Enmyvaam basin, has allowed the development of a preliminary magnetostratigraphic section for these Cretaceous rocks (Fig. 5) . Ds, I s, Declination and Inclination of the mean magnetic vector in stratigraphic (tilt corrected) coordinates; N number of samples used in calculating the mean; κ is the best estimate of kappa (Fisher, 1953) ; R the normalized vector sum and α95 the cone of 95% confidence about the mean direction; dm, dp are the axes of the cone of confidence about the resultant paleomagnetic poles. The means are shown for all selected normal (N) and reversed (R) magnetizations together with the means of suites and means of sample sites. Note that the Voron'in suite has a single site, the numbers with * indicate the number of individual samples from the single block sample.
The whole sequence can be divided into four zones of geomagnetic polarity. The lower zone of normal polarity includes deposits of the Pykarvaam, Voron'in, Koekvun' and Ergyvaam suites, which together make up the second sequence of mafic to felsic volcanism and the beginning of the third sequence. The lower normal polarity zone, which we now correlate with the Cretaceous Normal Superchron, is followed by a zone of reverse polarity, which is seen in deposits of the Emuneret suite sampled along the Enmyvaam river from the Snezhninsk Caldera down to the junction with the Emuneretveem River. Rocks of overlying the Enmyvaam suite are normally magnetized except for a single reversely magnetized basalt flow (and adjacent baked gravel) in the uppermost part of the section (locality 412, Fig. 1 ).
Our new 40 Ar/ 39 Ar ages are shown in Table 2 . The quality of some of the age spectra are poor due to alteration or resetting. However, for samples taken stratigraphicaly below the reversed interval, all of which are normally magnetized, most of the 40 Ar/ 39 Ar ages group tightly between 88 and 91 Ma indicating that the normal magnetization is indeed within the Cretaceous Normal Superchron. The exceptions are two samples from the Ergyvaam suite, one of which shows an anomalously young age, and the other which is old. The young sample was taken near the Snezhninsk caldera rim (locality 424) which gives an age of 78.1±1.0 Ma. This age is similar to that of the reversed polarity samples of the caldera (e.g. locality 427; 81.2±0.2 Ma) and so may have been partially reset by the caldera forming event. The anomalous old age sample is from locality 461, which gives one of the oldest ages seen in the whole section. The data for these samples show evidence of alteration which may have led to ages which are too old. It is also possible that the samples from the lowermost part of the section represent an older suite of rocks. Two normally magnetized samples from the Koekvun' suite in the Mechekrynnetveem basin (locality 416) and near Lake El'gygytgyn (locality 410) give ages which fall in the C33 reversed subchron, although the large error bars suggest that they could be in the Cretaceous normal superchron.
The overlying reversely magnetized units seen in both the region of the Snezhninsk caldera and near the mouth of the Emuneretveem river give several 40 Ar/ 39 Ar ages which place them clearly within reverse chron 33 (79.1-84 Ma) (Gradstein et al., 2004) . Higher in the Emuneretveem river section, a normal polarity unit (464) gives an age of 76.3±0.2 Ma which is consistent with the predicted polarity; thus this section may preserve a polarity transition.
The average K-Ar age of basalts in the Enmyvaam suite from zones of normal polarity was 77±5 Ma with variations from 81 to 73 Ma (10 measurements; Belyi, 1998) . This age range encompasses the 40 Ar/ 39 Ar age from locality 432 which gives a good plateau age for the Basalt Cliffs of 73.7±0.5 Ma. The K-Ar age of the single reversely magnetized basalt from the top of the Enmyvaam suite in the Mechekrynnetveem basin was 70±10 Ma (one analysis; Belyi and Belaya, 1998) . This is in accord with the 40 Ar/ 39 Ar age of 67.0±0.9 Ma for the same unit (locality 412), although this age spectrum indicates some argon loss, and so might be a minimum age.
Conclusions
The locations in the Okhotsk-Chukotka volcanic belt that were sampled are thought to span the upper two thirds of the whole OCVB sequence. A combination of K-Ar and 40 Ar/ 39 Ar dating together with the pattern of magnetic reversals seen in the sections indicate that the age range is from about 90 Ma to about 67 Ma. The magnetic vectors show very steep inclinations, and thus a Virtual Geomagnetic Pole located near to the site. Comparing this VGP with the Paleomagnetic Poles representing the same time span for both Eurasia (the proxy for Siberia) and North America shows that there has been southwesterly relative motion with respect to the Siberian platform and more limited southwesterly translation with respect to the North American plate. This is consistent with the current tectonic setting, inasmuch as the fold and thrust belts of Siberia indicate considerable crustal shortening (although much of this may be pre-Late Cretaceous) thus separating the Chukotka and Eurasian poles. The southerly component of the relative motion of the OCVB pole indicates that the El'gygytgyn section of the OCVB was north of its present geographic location prior to the collision between the terranes from the Pacific side with those comprising the Chukotka-Alaska composite terrane.
